Abstract There has been conflicting evidence on the impact of bilateral breast cancer (BBC) on the survival and management of patients. The objectives of this study were to address the incidence of BBC and to investigate its characteristics and outcome compared to unilateral cancer. Data were acquired from the prospectively maintained NUIG breast cancer database between 1988 and 2008. BBC were then categorized as synchronous (within 12 months) or metachronous (after 12 months of first tumour). SPSS was used for data analysis. The incidence of BBC in our population was 4.4% (112 of 2,524). Of those 2.1% were synchronous while 2.3% were metachronous. Compared to unilateral cases, bilateral cancer patients were younger (P = 0.021) and had smaller size (P = 0.001) and earlier stage (P \ 0.001) tumours at diagnosis. We identified the HER2/neu positivity as a risk factor for developing contralateral breast tumour and ER negativity as a risk factor for developing metachronous tumours. While there was no significant difference in survival for patients with bilateral compared to unilateral tumour (P [ 0.05), the synchronous tumour was associated with poorer survival (P = 0.010) in comparison to metachronous tumour. This large single-institutional experience does not support the increasing practice of prophylactic mastectomy but does justify regular follow-up with mammography for early detection of contralateral tumour.
Introduction
Breast cancer is the most common malignancy and second only to lung cancer as the major cause of cancer-related deaths among women in the western world [1] . Increasing breast cancer incidence rates, improved diagnosis and management modalities and growing life expectancy have resulted in increasing numbers of women at risk of developing contralateral primary breast cancer. The incidence of clinically observed bilateral breast cancer (BBC) is reported to range from 1.4 to 11.8% [2] [3] [4] [5] . There is uncertainty in the literature whether developing a contralateral tumour influences the outcome as some studies suggest poor survival while others report similar survival compared to unilateral disease. Women diagnosed with breast cancer are at increased risk of developing contralateral breast tumour. This represents two to six times greater relative risk than developing a first breast cancer in general population [6] . Other factors including family history of breast cancer, initial tumour diagnosed at an early age, lobular histology of the first tumour, treatment received for the first tumour and nulliparity all contribute to the risk [5, [7] [8] [9] [10] .
There has been conflicting evidence on the impact of BBC on management of patients with regard to surgical treatment options, bilateral prophylactic mastectomy and role of magnetic resonance imaging (MRI) in patients' screening. The best management of patients with BBC is still uncertain. Patients are often treated with bilateral mastectomy rather than breast conserving treatment although some reports confirm its efficiency in management of BBC as for unilateral tumours [11, 12] . Secondly, there has been a dramatic increase in rates of contralateral prophylactic mastectomy after technical advances in surgical procedures and improved satisfaction with breast reconstruction, especially in the US [13] . This is because of the perception of increased risk of BBC and related mortality, allowing patients to avoid the physical, emotional and financial costs associated with second tumour detection and treatment. However, the potential benefit of prophylactic mastectomy in reducing the rates of BBC diagnoses and improving survival rate is controversial [14, 15] .
Finally, multiple reports demonstrate increased sensitivity of MRI for detection of breast cancer compared to conventional methods particularly in patients suspected or known to have cancer [16, 17] . Nevertheless, its role in screening settings has not yet been outlined. This might be, in part, related to the moderate specificity of MRI and the associated deficiencies of cost, anxiety and benign biopsies and perhaps over-diagnosis.
The objectives of this study were to examine a defined group of breast cancer patients with a view to addressing the incidence, clinicopathological characteristics and outcome of BBC amongst these patients to study its outcome and survival compared to unilateral tumours and to analyze the disease clincopathological characteristics in order to identify the risk group. Moreover, we aimed to give context to our management of patients with BBC based on a prospectively maintained database which captures all such patients referred to our institution.
Materials and methods

Patient cohort
The prospectively updated Galway university hospital breast cancer database was queried for all cases of primary breast cancer from 1988 to 2008. The resulting data were further queried for cases of BBC. The distinction between bilateral cancers and metastatic cancer in the contralateral breast was established by Chaudary's criteria [6] which are the demonstration of in situ disease, different histological types and grades of cancer between the two breasts and no evidence of local, regional or distant metastasis. Patients with disseminated disease elsewhere in the body would be at high risk of having metastatic disease in the contralateral breast rather than a primary cancer and are not included in the group of BBC unless the two breasts have different histopathological features. In our series, 2 patients had metastatic disease when breast cancer was originally diagnosed without documented differences in histopathological features; hence, they were not considered to have BBC. The bilateral cancers were categorized as synchronous when a contralateral breast cancer was diagnosed within 12 months and metachronous when contralateral breast cancer was diagnosed after 12 months of the initial tumour diagnosis. The term contralateral tumour is used in this study to describe the second primary tumour to arise on the other breast following an initial breast cancer diagnosis. First breast is defined as the breast in which the initial tumour diagnosed while second breast is the breast in which the contralateral tumour developed.
All patients were treated according to local protocols and followed every 3 months for 1 year, 6 months for 2 years and then annually. They also have an annual mammographic review.
Data collected included age and year of presentation for both initial and contralateral tumours, tumour size, grade, stage, histological type, extent of tumour invasion and lymph node involvement, presence or absence of local or distant metastasis, and time between initial tumour diagnosis and presentation of contralateral breast tumour. The estrogen, progesterone and HER-2/neu receptor status were also noted when data were available as was local therapy and the use of hormonal therapy, chemotherapy and radiotherapy.
Statistical analysis
The risk factors for developing contralateral primary breast cancer were investigated comparing histopathological parameters of unilateral breast cancer and the first tumour of the bilateral cancers while the bilateral disease characteristics were determined comparing the unilateral cancer to the second tumour of the bilateral disease and further analyzing the synchronous and metachronous tumours. Survival studies were performed from the date of diagnosis of the first cancer and disease-free survival (DFS) was regarded as zero if the patient presented with metastatic disease.
The SPSS Ò 16.0 software package (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Mann-Whitney U test and t test were used, as appropriate, for comparison of continuous variables and Chi-square test for categorical variables. All tests were two sided and a result was considered significant if the calculated P value was \0.05. Survival distributions were analyzed by the method of Kaplan-Meier. The statistical significance of differences in survival between groups was determined by log rank which compares differences along all points of the curve. Multivariate analysis was done using Cox regression while for categorical data, logistic regression was used.
Results
There were 2,524 cases of breast cancer identified in the 20-year study period. Of those, 112 women had BBC (4.4%). Among the patients with BBC, 52 (46.4%) had synchronous cancers and 60 (53.6%) had metachronous breast cancers. Although the annual risk of breast cancer was increasing in our population during this study period especially from 2005 to 2008, the risk of BBC remained constant for both synchronous and metachronous tumours (Fig. 1) . The mean interval between the development of metachronous cancers was 5.9 years while the median was 3.9 years. Women with BBC were younger than the unilateral group at the time of the diagnosis of their initial tumours (P = 0.021). Contralateral tumours of BBC patients measured significantly smaller than contemporary unilateral tumours (P = 0.001) and their associated initial tumour of BBC (P = 0.006). This difference was also present for synchronous tumours as the second primary was significantly smaller than the initial tumour (P = 0.003).
No significant differences were found between the study groups for histological patterns and grades of tumours. The distribution of histopathological patterns was similar for all groups of patients with more than 70% of unilateral and bilateral patients having ductal carcinoma. Nevertheless, contralateral tumours of BBC patients were diagnosed at earlier stage than the initial tumours (P \ 0.001), a difference that is also noted for both synchronous (P = 0.001) and metachronous (P = 0.004) tumours. Contralateral primaries of BBC, synchronous and metachronous tumours were found to be stage 0 or I more frequently than initial tumours and stage II and III less often. A similar significant difference was also seen when comparing the contralateral tumours to unilateral breast cancer (P \ 0.001).
Moreover, contralateral tumours were significantly more likely to be associated with negative axillary lymph nodes than initial tumours of BBC (P = 0.005) and unilateral breast carcinoma (P \ 0.001). Again, this difference was noted to occur in synchronous (P = 0.028) but not the metachronous cancers. Seventy-nine percent of BBC patients who underwent axillary lymph node dissection were lymph node negative, 11.1% had 1-3 positive lymph nodes and 9.7% had more than 3 positive lymph nodes.
Regarding receptors status, there were significant differences in the rates of progesterone receptors (PR) positivity (P = 0.002) and HER2/neu expression (P = 0.018) but not the rate of estrogen receptor (ER) positivity (P = 0.712) between the unilateral and contralateral tumours of BBC (Tables 1, 2 ). Approximately 72% of unilateral tumours were PR positive and 20% were HER2/ neu positive compared to 56 and 33%, respectively. In the case of BBC no significant differences were noted in any of the receptors status when comparing initial and contralateral tumours.
Risk factors
Many of the previously described risk factors for BBC were identified in our series of patients. More than 43% of patients who developed BBC have family history of breast cancer, 33% were using oral contraceptive and 14.3% were on postmenopausal hormones. The characteristics of the (Table 3) .
Detection methods
Details of methods of diagnosis for both tumours of BBC were available for 81 cases. The initial tumours were detected during screening in 16% of cases compared to 64% of contralateral tumours. The sensitivity of mammography was 86 and 87.3% for initial and contralateral tumours, respectively. 57% of initial tumours were detected by mammography compared with 74.3% of contralateral tumours. Only one case (1.4%) of contralateral tumours required MRI scan to diagnose cancer (Table 4) .
Management of BBC in our institution
Thirty-three (30.6%) patients with contralateral tumours and 777 (42.7%) of the unilateral cancer patients received 11.3% and in combination with mastectomy of the other breast in 24.1% of BBC patients. Of those who had mastectomy of contralateral breast, 19.4% had breast reconstruction performed (13.3% immediate, 6.1% delayed). No significant differences were noted in both surgical treatment (P = 0.280) and radiation treatment (P = 0.093) when comparing initial and contralateral tumours of BBC. On the other hand, adjuvant hormonal and chemotherapy were differentially prescribed with P values of 0.036 and 0.006, respectively. When comparing contralateral tumours of BBC with unilateral carcinoma, there were no differences in all management modalities received by patients.
Disease-free survival Disease-free survival was calculated as the number of months from the diagnosis of the initial tumour to recurrence (local and distant), death or last follow-up. Recurrence occurred in 42% of patients with synchronous tumours, 55% of patients with metachronous and 21% of patients with unilateral breast carcinoma. The difference in DFS was significant between the bilateral cancer patients (P = 0.013) as was the difference between the bilateral and unilateral cancer patients (P \ 0.001) (Fig. 2) . Median time for DFS was 52 months for synchronous tumours, 148 months for metachronous and 169 months for unilateral tumours. On Cox regression analysis, initial tumours grade (P = 0.021), stage (P = 0.020) and nodal status (P = 0.001), contralateral tumours grade (P = 0.035) and PR status (P = 0.018); and adjuvant chemotherapy for both tumours (P = 0.007) were independent predictors of DFS in BBC patients. After adjustment for these variables both groups did not differ significantly with P value of 0.157 for bilateral and unilateral tumours and 0.284 for synchronous and metachronous tumours.
Overall survival
There was no significant difference in the overall survival of patients with bilateral and unilateral breast carcinoma (P = 0.073); however, comparison of patients with synchronous disease to those with metachronous disease yielded a significant difference with P value of 0.010 (Fig. 3) . Women with synchronous tumours had a high mortality from breast cancer with median survival of 62 months compared to 148 months in metachronous and 154 months in unilateral cancer patients. A multivariate Cox regression analysis was used to determine the prognostic factors for the overall survival for all groups. ER (P \ 0.001) and PR (P = 0.018) positivity, lymph nodes negativity (P = 0.001) and radiotherapy (P = 0.002) for the second primary tumour were found to be by far the most important factors. After simultaneous adjustment of all these variables, there continues to be a significant difference in the survival between synchronous and metachronous tumours (P = 0.026).
Discussion
The reported incidence of BBC is variable and may reach up to 20% in patients in whom breast cancer diagnosis has been made by contralateral biopsy and mastectomy in clinically negative breasts [18] . The variations in reported incidence could be explained by the use of different analysis methods, variations in intensity of screening for contralateral tumours and differences in duration of follow-up. In accordance with previous reports, the incidence of BBC in this study was 4.4% of which 2.1% were synchronous and 2.3% were metachronous. However, as no minimum length of follow-up was defined in this study to classify patients into unilateral breast cancer group, some unilateral cases would become bilateral cases with longer follow-up. The annual risk of breast cancer was noticed to increase markedly in 2005 and after in our population. This observation not necessarily indicates an increase incidence of breast cancer but may be due to the fact that the screening programme was started in that year. Numerous studies have found that patients with BBC were significantly younger at the time of diagnosis of their initial cancer and considered age as the most important predictor for contralateral breast cancer [5, [18] [19] [20] . The earlier a woman develops a first breast cancer, the higher the risk of developing a contralateral tumour [21] . This finding was also observed in our series of patients. Increased risk in younger group might be due to increased life expectancy and the fact that patients with family history of breast cancer develop their cancer at an early age. Furthermore, we demonstrated smaller contralateral tumour size and earlier stage when compared with unilateral tumours and the initial tumours of BBC. These differences were also observed for both synchronous and metachronous diseases. Some studies described similar differences between initial and contralateral tumours of BBC [7, 9, 22, 23] while others reported conflicting results [8, 20, 24, 25] . These findings might be related to increased compliance with screening after development of the initial tumour. Estrogen receptor positivity was found to be predictive of bilateral disease previously [26, 27] ; however, Coradini et al. [28] described no differences in ER and PR positivity of the initial and contralateral tumours. In this study, there was low rate of PR positivity in patients with bilateral tumours compared to those with unilateral disease. Examining the HER2 status, we found that initial tumours of bilateral cancers significantly overexpress HER2/neu rather than unilateral tumours (P = 0.018). Based on this we can postulate that HER2 over-expressers are more likely to develop contralateral tumour.
With regard to risk factors for developing BBC in our study, there was significant association of early stage (stage 0 and I) and PR negative initial tumours and the development of metachronous tumours. The breast conservative surgery (BCS) for the initial tumour is a confounding factor as it usually performed in early stage disease.
Multiple reports in the literature demonstrated the increased sensitivity of MRI for detection of breast cancer compared with mammography and ultrasound, with MRI sensitivity approaching 100% [16, [29] [30] [31] [32] . However, most of these reports evaluated MRI in diagnostic settings. Lehman et al. [29] investigated the role of MRI in detecting cancer in the contralateral breast that is missed by mammography and clinical examination at the time of initial tumour diagnosis. They were able to detect cancer in only 3.1% of the women who were enrolled in the study with biopsy performed depending on MRI results on 12.5%. Furthermore, Moore et al. [33] concluded that the use of breast MRI compared to mammography for screening in young women at high risk does not appear to be costeffective. In this study we showed that mammography is still a valid and convenient method of screening for breast cancer in women with initial breast cancer and MRI was able to detect only one mammography and clinically occult contralateral tumour. Although MRI can improve the detection of contralateral tumours, its use should be preserved for high-risk patients and in conjunction with thorough clinical examinations and mammographic evaluation.
Adjuvant therapy generally is given to improve the survival and to reduce the incidence of contralateral breast cancer. Both chemotherapy and tamoxifen were found to be associated with reduced risk of contralateral breast cancer. Both Bertelsen et al. [34] and Vogel et al. [35] observed a significant reduction of incidence of contralateral primary breast cancer among women receiving adjuvant hormonal therapy. Adjuvant hormonal therapy also reported to reduce the incidence of BBC by 40% in both ER positive and ER negative patients [36] . Consistent with what was previously stated, in this study, adjuvant therapy was significantly associated with improved disease-free and overall survival. Furthermore, adjuvant hormonal therapy was significantly more prescribed in unilateral cancer group compared to initial tumours of BBC, which might indicate its role in reducing the risk of developing a contralateral tumour.
The surgical management of BBC patients is an area for debate. The controversy is due to the conflicting data regarding the role of contralateral prophylactic mastectomy in preventing BBC, the belief of superiority of mastectomy over breast conserving surgery for management of contralateral tumours and the increasing risk of developing contralateral tumour after conserving breast surgery and radiotherapy for the initial cancer. Bedrosian et al. [37] in their study using SEER database showed that contralateral prophylactic mastectomy is associated with small improvement in 5-year survival, mainly in young women with stages I-II disease ER-negative breast cancer. However, most of previous reports confirmed that contralateral prophylactic mastectomy is unlikely to be beneficial in improving disease-specific survival when performed outside of the existing recommendations [15, 38] . Moreover, measurable morbidity rates and negative psychological impacts were found to be associated with prophylactic mastectomy [39, 40] . Secondly, BCT was described as a safe and efficacious treatment option for treating early stage cancer [11, 27, 41, 42] . Yamauchi et al. [42] demonstrated no local recurrence or distant metastasis in patients who underwent bilateral BCT after a median follow-up of 95 months. Lee et al. [11] also noticed no differences in survival in bilateral and unilateral caner patients treated with BCT. In addition, Rochefordiere et al. [27] found no significant difference in survival comparing 51 patients with synchronous BBC treated with bilateral BCT to a group of patients treated with either bilateral mastectomy or unilateral BCT. Finally, most studies have demonstrated no significant increase risk of contralateral breast cancer after radiation treatment for initial tumour [43] [44] [45] , while others documented the opposite [46] [47] [48] . We observed no significant association between initial tumour radiation and the development of contralateral cancer. Also we noticed that the second tumours were less likely to get radiation therapy compared to the unilateral tumours due to the fact that most of the contralateral cancer patients end up with mastectomy rather than BCT.
Previous studies comparing survival between women with bilateral versus unilateral breast cancer have yielded inconsistent results. Some studies found that BBC had a poorer prognosis than unilateral cancer [12, 22, 24] , whereas others showed similar prognosis for both types [7, 8, 25, 49, 50] . These variations might be related to the small number of patients, variable definitions of synchronous and metachronous cancers and the use of different methods as calculation of survival from the time of the initial or the second tumour development. Carrying out multivariate analysis, we were unable to identify significant differences in both disease-free and overall survival between bilateral and unilateral breast cancer patients, while in BBC patients synchronous tumours were significantly associated with poor overall survival. One of the reasons metachronous tumours seem to do better is because they are smaller and detected earlier by surveillance. We also identified factors like adjuvant chemotherapy, PR and ER positivity, degree of invasion and grade of the contralateral tumour as important prognostic indicators in BBC patients. In contrast, factors like histological types have no effect on BBC survival. This finding is in accordance with Mhuircheartaigh et al. [51] who found no difference in the outcome of invasive ductal and lobular breast cancer in our unit.
Conclusion
Significant differences in some characteristics of bilateral compared to unilateral breast cancer were identified in this study. However, BBC does not appear to have a major impact on the outcome beyond the initial primary tumour. The increasing practice of bilateral mastectomy is not supported by this large single-institutional experience which allows confident prediction of outcome based on accurate follow-up.
